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Abstract
© 2018 Kvantovaya Elektronika and Turpion Ltd. The method is suggested for producing an
optical temperature noncontact sensor on a polymer polymethylmethacrylate (PMMA) substrate
with a diffraction optical element formed by implanting low-energy high-dose silver ions through
a surface mask. Ion implantation is performed at an energy of 30 keV, a radiation dose of
5.01016 ion cm-2 and an ion beam current density of 2 mA cm-2 through a surface metal mask
having the form of grid with square periodical holes (cells) of size 25 mm. In the course of
implantation, silver nanoparticles are produced in periodical unmasked domains of irradiated
PMMA. Operation of the temperature sensor on diffraction microstructures made of polymer with
silver nanoparticles is demonstrated in the range from 20 °C to 95 °C by testing it with a probe
radiation of a He - Ne laser.
http://dx.doi.org/10.1070/QEL16499
Keywords
Laser thermometry, Optical diffraction, Optical polymer materials, Plasmon absorption, Silver
nanoparticles, Temperature sensor
References
[1] Pyrometer-Handbook. Non-contact thermometry (Frankfurt am Main: IMPAC Infrared GmbH, 2004).
[2] Lo H. W., Compaan A. J. Appl. Phys., 51 (3), 1565 (1980).
[3] Koroteev N. Interaction of strong laser radiation with solids and nonlinear optical diagnostics of solids (Berlin:
Springer-Verlag, 2013).
[4] Lanin A. V., Butov O. V., Golant K. M. Appl. Opt., 45 (23), 5800 (2006).
[5] Evlyukhin A. B., Bozhevolnyi S. I., Stepanov A. L., Krenn J. R. Appl. Phys. B, 84, 29 (2006).
[6] Ashurov M. S., Kazakova T. A., Stepanov A. L., Klimonsky S. O. Appl. Phys. A, 122, 1054 (2016).
[7] Stepanov A. L., Kiyan R., Ovsianikov A., Nuzhdin V. I., Valeev V. F., Osin Y. N., Chichkov B. N. Appl. Phys. A, 108,
375 (2012).
[8] Galyautdinov M. F., Farrakhov B. F., Fattakhov Ya. V., Zakharov M. V. Opt. Spectrosc., 107, 640 (2009)
[9] Opt. Spektrosk., 107, 675 (2009).
[10] Stepanov A. L., Nuzhdin V. I., Galyautdinov M. F., Kurbatova N. V., Valeev V. F., Vorob'ev V. V., Osin Yu N.
Pis'ma Zh. Tekh. Fiz., 43 (2), 38 (2017).
[11] Stepanov A. L., Galyautdinov M. F., Evlyukhin A. B., Nuzhdin V. I., Valeev V. F., Osin Y. N., Evleukhin E. A., Kiyan
R., Kavetskyy T. S., Chichkov B. N. Appl. Phys. A, 111, 261 (2013).
[12] Wang J., Mu X., Wang G., Liu C. Opt. Mater., 73, 466 (2017).
[13] Kreibig U., Vollmer M. Optical properties of metal clusters (Berlin: Springer-Verlag, 1995).
[14] Stepanov A. L., Abdullin S. N., Petukhov V. Y., Osin Y. N., Khaibullin R. I., Khaibullin I. B. Phil. Mag. B, 80, 23
(2000).
[15] Boldyryeva H., Umeda N., Plaksin O. A., Takeda Y., Kishimoto N. Surf. Coat. Technol., 196, 373 (2005).
[16] Stepanov A. L. Fotonnye sredy s nanochastitsami, sintezirovannymi ionnoi implantatsiei (Photonic Media with
Nanoparticles Synthesised by Ion Implantation) (Saarbrukken: Lambert Acad. Publ., 2014).
[17] Kavetskyy T., Tsmots V., Kinomura A., Kobayashi Y., Suzuki R., Mohamed H. F. M., Sausa O., Nuzhdin V. I.,
Valeev V. F., Stepanov A. L. J. Phys. Chem. B, 118, 4194 (2014).
[18] Townsend P. D., Chandler P. J., Zhang L. Optical Effects of Ion Implantation (Cambridge: Cambridge University
Press, 1994).
[19] Stepanov A. L.,  Nuzhdin V. I.,  Valeev V. F.,  Galyautdinov M. F. Izobreteniya, poleznye modeli.  Ofitsial'nyi
byulleten' Federal'noi sluzhby po intellektual'noi sobstvennosti (Rospatent) (Moscow: FIPS, 2017) application
2016107270, No. 25.
